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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to NMR spec-
trometer and method of NMR measurement and, more
particularly, to NMR spectrometer and method of NMR
measurement which can save the amount of deuterated
solvent used for NMR locking and which make it unnec-
essary to readjust the resolution whenever the sample
is exchanged.

2. Description of the Related Art

[0002] An NMR spectrometer is aninstrument produc-
ing a static magnetic field in which a sample to be inves-
tigated is placed. An RF (radio-frequency) magnetic field
orthogonal to the static magnetic field is applied to the
sample. Then, the very weak RF magnetic field signal
(NMR signal) emanating from the sample is detected.
Information which is about the molecular structure and
is contained in the detected signal is extracted, and the
molecular structure of the investigated sample is ana-
lyzed.

[0003] Whenan NMR measurement is performed, itis
necessary to detect the chemical shift of the order of ppm
and so drift in the static magnetic field is corrected by a
technique known as "NMR lock" during the measurement
to prevent the drift in the static field. NMR lock is a tech-
nique for correcting drift in the static magnetic field by
observing an NMR signal arising from a nucleus other
than the nucleus under observation (usually, deuterium
nucleus (2D)), detecting the amount of shift of the position
of the NMR signal originated from the deuterium nucleus
due to drift in the static magnetic field, and feeding back
an amount corresponding to the shift to the shim coil cur-
rent used to superimpose a correcting magnetic field on
the static magnetic field. Accordingly, in NMR measure-
ment, a deuterium compound (usually, deuterated sol-
vent) is added to the sample to perform NMR locking.
[0004] Furthermore, in NMR measurements, the res-
olution is deteriorated due to inhomogeneity of the
strength of the static magnetic field generally caused by
the magnetic susceptibility of the sample. Accordingly,
whenever a sample is exchanged, the shims are finely
adjusted to correct for the inhomogeneity of the static
magnetic field strength according to the sample.

[Non-patent reference 1] Japanese Utility Model
Laid-Open No. 1982-75558

[Non-patent reference 2] Published Technical Re-
port 2004-502547 of Japan Institute of Invention and
Innovation

[0005] The problem with the NMR locking is that an
expensive deuterated compound must be used in large

10

15

20

25

30

35

40

45

50

55

amount. In an attempt to solve this problem, a coaxial
sample tube has been devised. As shown in Fig. 1, the
inside of this tube is composed of an external tube (200)
and an inner tube (202). That is, a double tube structure
is adopted. In use, a sample is inserted in one of the
tubes, while a deuterated compound is inserted in the
other. According to this method, it is not necessary to mix
the sample and deuterated compound. Consequently,
the expensive deuterated compound can be reused. The
measurement costs can be suppressed. However, when
the sample is exchanged, the coaxial sample tube must
be inserted and withdrawn. Therefore, there remains the
problem that the resolution of the instrument needs to be
readjusted whenever an exchange is made.

[0006] One method that is effective in reducing labor
in making measurements is to use an auto-sample
changer for NMR (204), as illustrated in Fig. 2. This
changer has a sample tube-holding device over or beside
the NMR magnet. Plural NMR sample tubes can be
placed in the sample tube-holding device. The changer
can insert and withdraw sample tubes into and from the
measuring portion of the NMR instrument to perform suc-
cessive measurements. In this method, however, sample
tubes must be inserted and withdrawn during exchange
of the sample. Therefore, there is the problem that the
resolution of the instrument needs to be readjusted when-
ever the sample is exchanged. Furthermore, it is neces-
sary to add a deuterated compound to every sample tube
for NMR locking. Hence, there is the problem that exor-
bitant running costs are necessary.

[0007] Furthermore, there is a method of measure-
ment using a flow NMR probe (206) coping with contin-
uous delivery of liquid as shown in Fig. 3. In this method,
an autosampler (208) as used in a liquid chromatograph
is employed. Reference.210 illustrates waste or sample
collection. With this method, it is not necessary to insert
and withdraw sample tubes. Therefore, the resolution of
the instrument needs to be adjusted only once at first.
However, there is the problem that a large amount of
deuterated solvent is necessary for NMR locking and
cleaning. In addition, expensive dedicated probes are
required.

[0008] JP2006 090955 describes a synthesizing chip
for synthesizing liquid samples to be monitored using
NMR. In particular, said document discloses an NMR
spectrometer having a magnet for producing a static
magnetic field for NMR measurements, and a microchip
placed within the static magnetic field. The microchip
contains an introduction channel and a discharge chan-
nel.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing, it would be desirable
to provide an NMR spectrometer which can save the
amount of deuterated solvent used for NMR locking and
which makes it unnecessary to readjust the resolution
whenever the sample is exchanged. It would also be de-
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sirable to provide a method of NMR measurement im-
plemented with this NMR spectrometer.

[0010] AnNMR spectrometer according to the present
invention is described in claim 1.

[0011] Preferably, the introduction portion is a micro-
chip having a substrate made of a chemically resistant
resin and microchannels formed in the substrate.
[0012] Preferably, holes for introducing reagents and
a hole for discharging the reaction liquid are formed in
the same side surface of the introduction portion.
[0013] Preferably, the reaction portion is a microchip
having a substrate of glass or quartz and microchannel
formed in the substrate.

[0014] A method of NMR measurement according to
one aspect of the present invention is described in claim
5.

[0015] Preferably, the sample solution is investigated
by NMR spectroscopy while the flow is stopped.

[0016] Alternatively, the sample solution is investigat-
ed by NMR spectroscopy without stopping the flow.
[0017] Preferably, the sample solution is delivered by
a syringe pump or pipetter.

[0018] Preferably still, the sample solution is forcibly
injected by a manual injector into the flow of a solvent
pumped by a syringe pump, an HPLC pump, or a pipetter.
[0019] Alternatively, the sample solution is forcibly in-
jected by an HPLC autosampler into the flow of solvent
pumped by an HPLC pump.

[0020] In the NMR spectrometer constructed accord-
ing to one embodiment of the invention as described
above, the amount of deuterated solvent used for NMR
locking can be saved. Furthermore, whenever the sam-
ple is exchanged, it is not necessary to readjust the res-
olution.

[0021] A method of NMR measurement according to
the invention is defined in claim 5. In the method, the
sample solution is introduced into the channel in the mi-
crochip while the microchip is inserted inside the sample
tube holding the deuterated solvent therein. Consequent-
ly, the amount of deuterated solvent used for NMR lock-
ing can be saved. In addition, whenever the sample is
exchanged, it is not necessary to readjust the resolution.
[0022] Other preferred embodiments of the invention
will appear in the course of the description thereof, which
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a schematic vertical cross section of a re-
lated-art coaxial sample tube.

Fig. 2 is a schematic view of a related-art NMR auto-
sample changer.

Fig. 3 is a schematic side elevation of a related-art
flow NMR probe.

Fig. 4 shows a microchip according to one embodi-
ment of the present invention.
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Fig. 5 shows a microchip according to another em-
bodiment of the invention.

Fig. 6 shows a microchip according to a further em-
bodiment of the invention.

Fig. 7 is a side elevation partially in cross section of
an NMR spectrometer according to a yet other em-
bodiment of the invention.

Fig. 8 is aschematic vertical cross section of an NMR
spectrometer according to a further embodiment of
the invention.

Fig. 9is aschematic vertical cross section ofan NMR
spectrometer according to a further embodiment of
the invention.

Fig. 10 is a schematic vertical cross section of an
NMR spectrometer according to a further embodi-
ment of the invention.

Fig. 11 is a schematic vertical cross section of an
NMR spectrometer according to a further embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Embodiments of the presentinvention are here-
inafter described with reference to the drawings.

Embodiment 1

[0025] A microchip used in one embodiment of the
present invention is shown in Fig. 4, in which (a) repre-
sents a top view, (b) represents a bottom plan view, and
(c) represents a side view. The microchip has a reagent
inlet-reaction portion 2 and an extensional reaction por-
tion 1 which have their respective contact portions 4 con-
nected with each other via a connection jig 3.

[0026] The extensional reaction portion 1 is fabricated
by preparing a glass plate or sheet having a thickness of
1 to 5 mm, forming microchannels in both surfaces of the
glass plate by wet etching or drilling, and forming a
through-hole 12 from the microchannel in the front sur-
face to the microchannel in the rear surface. The through-
hole 12 permits a reagent solution to flow therethrough.
[0027] The microchannels are 50 to 500 pm in width
and depth. The design of the microchannels and the
method of machining or processing them can be modified
according to the purpose of use.

[0028] Then, the glass plates having the microchan-
nels therein are held between two other glass plates. All
the glass plates are bonded together by thermocompres-
sion. The glass plate assembly is finished cylindrically
by cutting or other technique. Alternatively, a semicylin-
drically formed glass plate may be prepared and micro-
channels may be formed in the glass plate. Preferably,
the diameter of the cylinder is 2 to 10 mm.

[0029] The reagent inlet-reaction portion 2 is threaded
for connection with tubes. The reagent inlet-reaction por-
tion 2 is also processed or machined to form the micro-
channels. When the extensional reaction portion 1 and
the reagent inlet-reaction portion 2 are connected togeth-



5 EP 1 884 792 B1 6

er, their channel positions meet and thus a reagent so-
lution can be passed through this assembly.

[0030] The connection jig 3 has guiding portions to fa-
cilitate aligning the extensional reaction portion 1 and the
reagent inlet-reaction portion 2. The contact portions 4
are surface-treated or used in combination with a sealant
to prevent liquid leakage.

[0031] The reagent inlet-reaction portion 2 is provided
with three reagentinlet holes 5. Two of these 3 inlet holes
5 meet each other to form one channelway at a location
immediately ahead of a first reaction portion 7 formed in
the reagent inlet-reaction portion 2. This channelway ex-
tends through the bent channel in the first reaction portion
7. In the first reaction portion 7, a first reaction between
reagents is induced. The channelway is in communica-
tion with a first reaction liquid channel 8 formed in the
extensional reaction portion 1.

[0032] A channel 6 formed in the reagent inlet portion
extends from the remaining one reagent inlet hole 5 and
meets the first reaction liquid channel 8 in a second re-
action-mixing portion 9 formed in the extensional reaction
portion 1 to form one flow passage in communication with
a bent channel formed in a second reaction portion 10.
In this second reaction portion 10, a second reaction be-
tween the reagents is induced.

[0033] The second reaction portion 10 is further in
communication with a detector portion channel 11 that
is a bent channel. The channel 11 is connected with the
vertically formed through-hole 12, which extends to the
rear side of the extensional reaction portion 1 and is con-
nected with a reaction liquid discharge channel 13 This
discharge channel 13 is in communication with a reaction
liquid discharge hole 14.

[0034] Where a single sample is investigated, two of
the 3 reagent inlet holes are plugged. A sample solution
is introduced from the third reagent inlet hole and used.
[0035] The 3 reagent inlet holes 5 and reaction liquid
discharge hole 14 are formed in the same side surface
of the reagent inlet-reaction portion 2.

[0036] In this way, in the present embodiment, the mi-
crochannels in the microchip are formed in the upper and
lower surfaces of the reagent inlet-reaction portion 2 and
extensional reaction portion 1. Thatis, two layers of chan-
nels are formed.

[0037] Preferably, the material of the microchip can be
used over a temperature range from - 70°C to + 200°C.
To permit mass production using molding, the reagent
inlet-reaction portion 2 is preferably made of a chemically
resistant resin (such as polyether ether ketone resin
(PEEK), Teflon (trademark), or Diflon). Preferably, the
extensional reaction portion 1 is made of glass or quartz.
[0038] Whereareagenthavinga highviscosityisused,
the channel inside the reagent inlet-reaction portion 2
tends to be especially easily clogged up. Therefore, this
portion is made external to the extensional reaction por-
tion 1 and replaceable. Consequently, when the instru-
ment is used, the running costs will be reduced.
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Embodiment 2

[0039] Fig. 5 shows another embodiment of a micro-
chip used in the present invention, in which (a) is a top
view, (b) is a bottom plan view, and (c) is a side view.
The microchip has a reagent inlet portion 22 and a rea-
gent reaction portion 21 which are connected with each
other in their respective contact portions 24 via a con-
nection jig 23.

[0040] The reagent reaction portion 21 has a glass
plate or sheet having a thickness of 1 to 5 mm and mi-
crochannels formed in the surfaces of the glass plate by
wet etching or drilling. The glass plate is provided with a
through-hole 33 extending from the microchannel in the
front surface to the microchannel in the rear surface. The
through-hole 33 permits a reagent solution to flow
through the passageway extending from the channel in
the front surface to the channel in the rear surface.
[0041] The microchannels are 50 to 500 pm in width
and depth. The design of the microchannels and method
of processing or machining them can be varied according
to the purpose of use.

[0042] Then, the glass plate having the microchannels
are held between two other glass plates. The glass plates
are bonded together by thermocompression. The glass
plate assembly is finished semicylindrically by a cutting
technique. Alternatively, a semicylindrically formed glass
plate may be prepared, and the microchannels may be
formed in the glass plate. Preferably, the diameter of the
cylinder is 2 to 10 mm.

[0043] Thereagentinletportion 22 is threaded for con-
nection with tubes. The reagent inlet portion 22 is also
processed or machined to form the microchannels. When
the reagent reaction portion 21 and the reagent inlet por-
tion 22 are connected together, their channel positions
meet and thus a reagent solution can be passed through
this assembly.

[0044] The connection jig 23 has guiding portions to
facilitate aligning the reagent reaction portion 21 and the
reagent inlet portion 22. The contact portions 24 are sur-
face-treated or used in combination with a sealant to pre-
vent liquid leakage.

[0045] The reagent inlet portion 22 is provided with
three reagent inlet holes 25 in communication with three
reaction liquid channels 8 formed in the reagent reaction
portion 21. Two of these 3 inlet holes 25 meet each other
in a first reaction-mixing portion 28 to form one channel-
way in communication with the bent channel in the first
reaction portion 29. In this bent channel, a first reaction
between reagents is induced. The bent channel in the
first reaction portion 29 meets another reaction liquid
channel 27 in a second reaction-mixing portion 30 to
thereby form one flow channel in communication with the
bent channel in the second reaction portion 31, where a
second reaction between the reagents is induced.
[0046] The bentchannelinthe second reaction portion
31 is in communication with the bent channel in the de-
tector portion channel 32 andalsowitha through-hole 33
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formedvertically. The through-hole 33 extends to the rear
side of the reagent reaction portion 21, which in turn is
connected with a reaction liquid discharge hole 35
through a reaction liquid discharge channel 34.

[0047] Where a single sample is investigated, two of
the 3 reagent inlet holes are plugged. A sample solution
is introduced from the third reagent inlet hole and used.
[0048] The 3 reagentinlet holes 25 and reaction liquid
discharge hole 35 are formed in the same side surface
of the reagent inlet portion 22.

[0049] In this way, in the present embodiment, the mi-
crochannels in the microchip are formed in the upper and
lower surfaces of the reagent inlet portion 22 and reagent
reaction portion 21. That is, two layers of channels are
formed.

[0050] Preferably, the material of the microchip can be
used over a temperature range from - 70°C to + 200°C.
To permit mass production using molding, the reagent
inlet portion 22 is preferably made of a chemically resist-
ant resin (such as polyether ether ketone resin (PEEK),
Teflon (trademark), or Diflon). Preferably, the reagent re-
action portion 21 is made of glass or quartz.

[0051] Whereareagenthaving ahighviscosityis used,
the channel inside the reagent inlet portion 22 tends to
be especially easily clogged up. Therefore, this portion
is made external to the reagent reaction portion 21 and
replaceable. Consequently, when the instrumentis used,
the running costs will be reduced.

Embodiment 3

[0052] Fig. 6 shows a further embodiment of a micro-
chip used in the present invention, in which (a) is a top
view and (b) is a bottom plan view. The microchip has a
reagent inlet portion 52 and a reagent reaction portion
51 which are connected with each other in their respec-
tive contact portions 54 via a connection jig 53 using
screws 55.

[0053] The reagent reaction portion 51 has a glass
plate or sheet having a thickness of 1 to 5 mm and mi-
crochannels formed in the surfaces of the glass plate by
wet etching or drilling. The glass plate is provided with a
through-hole 64 extending from the microchannel in the
front surface to the microchannel in the rear surface. The
through-hole 64 permits a reagent solution to flow from
the channel in the front surface to the channel in the rear
surface.

[0054] The microchannels are 50 to 500 pm in width
and depth. The design of the microchannels and method
of processing or machining them can be varied according
to the purpose of use.

[0055] Then, the glass plate having the microchannels
are held between two other glass plates. All the glass
plates are bonded together by thermocompression. The
glass plate assembly is cut into an elongate form having
a T-shaped one end. The end portion of the reagent re-
action portion 51 is shaped like the letter T to permit the
T-shaped portion to be pressed and connected to the
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reagent inlet portion 52 via the connection jig 53. When
the reagent reaction portion 51 and the reagent inlet por-
tion 52 are connected together, the T-shaped end of the
reagent reaction portion 51 is made asymmetrical hori-
zontally to prevent the senses of the portions 51 and 52
from being mistaken. The connection jig 53 has an asym-
metrical fitting portion to permit the user to recognize the
asymmetrical portion.

[0056] Thereagentinlet portion 52 is threaded for con-
nection with tubes. The reagent inlet portion 52 is also
processed or machined to form the microchannels. When
the reagent reaction portion 51 and the reagent inlet por-
tion 52 are connected together, their channel positions
meet and thus a reagent solution can be passed through
this assembly.

[0057] The contact portions 54 are surface-treated or
used in combination with a sealant to prevent liquid leak-
age.

[0058] The reagent inlet portion 52 is provided with

three reagent inlet holes 56 which are in communication
with three reaction liquid channels 58 formed in the rea-
gent reaction portion 51 via three channels 57 in the re-
agent inlet portion.

[0059] Two of them meet each other in a first reaction-
mixing portion 59 to form one channelway in communi-
cation with the bent channel in the first reaction portion
60, where a first reaction between reagents is induced.
The bent channel in the first reaction portion 60 meets
another reaction liquid channel in the second reaction-
mixing portion 61 to form one flow channel in communi-
cation with the bent channel in the second reaction por-
tion 62, where a second reaction between the reagents
is induced.

[0060] The bentchannelinthe second reaction portion
62 is in communication with the bent channel in the de-
tector portion channel 63, which in turn is connected with
a vertically formed through-hole 64. This through-hole 64
extends to the rear side of the reagent reaction portion
62. The rear side is in communication with the reaction
liquid discharge hole 66 through the reaction liquid dis-
charge channel 65.

[0061] Where a single sample is investigated, two of
the 3 reagent inlet holes are plugged. A sample solution
is introduced from the third reagent inlet hole and used.
[0062] The 3 reagentinlet holes 56 and reaction liquid
discharge hole 66 are formed in the same side surface
of the reagent inlet portion 52.

[0063] In this way, in the present embodiment, the mi-
crochannels in the microchip are formed in the upper and
lower surfaces of the reagent inlet portion 52 and reagent
reaction portion 51. That is, two layers of channels are
formed.

[0064] Preferably, the material of the microchip can be
used over a temperature range from- 70°C to + 200°C.
To permit mass production using molding techniques,
the reagent inlet portion 52 is preferably made of a chem-
ically resistant resin (such as polyether ether ketone resin
(PEEK), Teflon (trademark), or Diflon). Preferably, the
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reagent reaction portion 51 is made of glass or quartz.
[0065] Whereareagenthavinga highviscosityis used,
the channel inside the reagent inlet portion 52 tends to
be especially easily clogged up. Therefore, this portion
is made external to the reagent reaction portion 51 and
replaceable. Consequently, when the instrumentis used,
the running costs will be reduced.

Embodiment 4

[0066] Fig. 7 shows an embodiment of the present in-
vention in which such a microchip (reactor) is installed in
an NMR spectrometer. The microchip, indicated by ref-
erence numeral 100, is inserted in a vertical bore in a
magnet, the bore extending along the Z-axis. The micro-
chip 100 is held by an XY-axis holding guide 101 to pre-
vent the microchip from rotating in the X- and Y-direc-
tions. This facilitates adjusting the resolution.

[0067] The detector portion of the microchip 100 is in-
serted in an NMR sample tube 102. A deuterated solvent
103 for NMR locking is injected in the gap between the
inner wall of the NMR sample tube 102 and the outer wall
of the microchip 100. Because a sample solution 104
flows through the channel inside the microchip and be-
cause the deuterated solvent 103 is placed outside the
microchip, the sample solution 104 and deuterated sol-
vent 103 do not mix. Therefore, as the measurement
progresses, it is not necessary to add or exchange the
deuterated solvent 103. Consequently, the deuterated
solvent 103 can be saved. Furthermore, since the deu-
terated solvent 103 is prepared independent of the sam-
ple solvent 104, itis not necessary to dissolve the sample
in the deuterated solvent. For these reasons, the sample
can bedissolved in anormal, non-special solvent. Hence,
the cost can be curtailed greatly.

[0068] Two or more capillary tubes 105 are connected
with the microchip 100. Ajig thatfits a pipette tip or syringe
needle is attached to the tip of each capillary tube 105.
The sample solution 104 is injected from a pipetter or
syringe into the microchip 100 placed within the magnet,
and an NMR spectrum is measured. In the illustrative
example, a syringe is used. The NMR measurement is
performed while the flow of the sample solution 104 is at
rest.

[0069] Afterthe end of the measurement, if successive
aliquots of sample solution are injected into the microchip
100 from the syringe by the same method, successive
measurements can be performed. Since the sample can
be exchanged while the microchip 100 is held within the
magnet, if the resolution is once adjusted at first, it is not
necessary to readjust the resolution provided that the
sample is exchanged, for the following reason. The effect
of the magnetic susceptibility that affects the resolution
on the static magnetic field is dominated by the glass or
quartz material of the microchip 100 and so if the sample
solution is exchanged, the resolution is little affected. Dif-
fusion of the sample solution is suppressed within the
microchannel formed in the microchip 100. Therefore,
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according to the present embodiment, high-resolution
NMR spectra can be derived without using spinning.
[0070] The microchip 100 has inlet holes capable of
introducing plural sample solutions and microchannels
connected with the inlet holes. Where the sample solution
injected in the microchip 100 is recovered, a cleaning
solvent 110 may be injected from an inlet hole different
from the inlet hole from which the sample solution was
injected. Reference numeral 112 indicates the sample
outlet.

Embodiment 5

[0071] Fig. 8 shows another embodiment of the inven-
tion in which a microchip (reactor) is installed in an NMR
spectrometer. In this NMR instrument, an autosampler
106 used in high-performance liquid chromatograph
(HPLC) is connected with a capillary tube 105 of the mi-
crochip 100 instead of a syringe or pipetter used for sam-
ple loading. Sample is introduced into the microchip au-
tomatically and continuously, and NMR spectra are
measured. The sample is introduced into the microchip
via the capillary tube 105 by a pump ancillary to the au-
tosampler. The pump is stopped to stop the flow of the
sample solution once. Then, measurements are per-
formed. Measurements may also be made while intro-
ducing a sample without stopping the flow. The meas-
urement timing can be synchronized with sample intro-
duction from the autosampler 106.

Embodiment 6

[0072] Fig. 9 shows a modification of Embodiment 4.
In the present embodiment, a sample solution is intro-
duced into a microchip (reactor) 100 using a syringe in
the same way as in Embodiment 4. However, NMR spec-
tra are acquired by a flow NMR technique. That is, during
the measurement, the flow of the sample solution is not
stopped, unlike in Embodiment 4.

Embodiment 7

[0073] Fig. 10 shows a modification of Embodiment 6.
In the present embodiment, a sample solution is intro-
duced into the microchip (reactor) 100 using a syringe in
the same way as in Embodiment 6. NMR spectra are
acquired by a flow NMR technique. That is, during the
measurement, the flow of the sample solution is not
stopped. However, unlike in Embodiment 6, a manual
injector 107 is disposed between the syringe pump and
the microchip and connected with the pump and micro-
chip by capillary tubes 105.

[0074] An arbitrary solvent (such as methanol or chlo-
roform) is delivered continuously from the syringe pump.
A sample solution is forcibly injected from the manual
injector 107 into the flow of the solvent. The sample in-
jected from the manual injector 107 is in a segmented
state and introduced into the microchip 100, and NMR
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spectra are measured. The measurement may be so pro-
grammed that the measurement is triggered by the in-
jection of the sample from the manual injector 107. If the
solvent delivered from the pump and the sample solution
are not mixed uniformly, there arises the problem that
the resolution is not stable. Therefore, it is important that
the tubes in the system have small inside diameters to
prevent the sample injected from the manual injector 107
from being diffused.

Embodiment 8

[0075] Fig. 11 shows a modification of Embodiment 5.
In the present embodiment, an autosampler 106 is dis-
posed between an HPLC pump 108 and a microchip (re-
actor) 100 and connected with the pump and microchip
by capillary tubes 105.

[0076] An arbitrary solvent (suchasmethanolorchloro-
form) isdelivered continuously from the HPLC pump 108.
A sample solution is forcibly injected from the autosam-
pler 106 into the flow of the solvent. The sample injected
from the autosampler 106 is in a segmented state and
introduced into the microchip 100, and NMR spectra are
measured. The measurement may be so programmed
that the measurement is triggered by the injection of the
sample from the autosampler 106. If the solvent delivered
from the HPLC pump 108 and the sample solution are
not mixed uniformly, there arises the problem that the
resolution is not stable. Therefore, it is important that the
tubes in the system have small inside diameters to pre-
vent the sample injected from the autosampler 106 from
being diffused.

[0077] The NMR spectrometer and method of NMR
measurement according to the presentinvention can find
wide applications in research on organic synthesis and
reactions.

Claims

1. An NMR spectrometer having a magnet for produc-
ing a static magnetic field for NMR measurements,
and a microchip (100),

a sample tube (102) being placed within the static
magnetic field produced by the magnet, the sample
tube holding a deuterated solvent (103) therein, and
the microchip being inserted inside the sample tube,
wherein said microchip includes an introduction por-
tion (2, 22, 52) for introducing plural reagents via
plural channels and a reaction portion (1, 21, 51)
disconnectably connected with the introduction por-
tion and arranged to enable a reagent or a reaction
liquid introduced from the introduction portion to mix
and react with another reagent,

wherein said introduction portion has an introduction
channel (6, 26, 57) for introducing a reagent intro-
duced from the outside into the reaction portion and
a discharge channel for permitting the reaction liquid

10

15

20

25

30

35

40

45

50

55

10.

discharged from the reaction portion to be dis-
charged to the outside, and

wherein said reaction portion has (i) a reaction chan-
nel (8, 27, 58) in communication with the introduction
channel and arranged to enable plural reagents in-
troduced via the introduction portion (2,22,52), to be
mixed and reacted with each other and (ii) a dis-
charge passage (13, 34 65) for connecting the reac-
tion channel and the discharge channel with each
other to return the reaction liquid produced in the
reaction channel to the introduction portion.

An NMR spectrometer as setforthin claim 1, wherein
said introduction portion (2, 22, 52) is a microchip
having a substrate of a chemically resistant resin and
a microchannel formed in the substrate.

An NMR spectrometer as set forth in any one of
claims 1 and 2, wherein inlet holes (5, 25, 56) for
introducing reagents and a discharge hole (14, 35,
66) for discharging a reaction liquid are formed in
the same side surface of said introduction portion (2,
22, 52).

An NMR spectrometer as set forth in any of the pre-
ceding claims, wherein said reaction portion (1, 21,
51) is a microchip having a substrate of glass or
quartz and a microchannel formed in the substrate.

A method of NMR measurement making use of the
NMR spectrometer of claim 1, wherein the sample
tube (102) is placed in a vertical bore formed in the
magnet, said method of NMR measurement consist-
ing of introducing a sample solution (104) to be in-
vestigated into channels in the microchip.

A method of NMR measurement as set forth in claim
5, wherein said sample solution (104) is measured
by NMR spectroscopy while stopping flow of the
sample solution.

A method of NMR measurement as set forth in claim
5, wherein said sample solution (104) is measured
by NMR spectroscopy without stopping flow of the
sample solution.

A method of NMR measurement as set forth in any
one of claims 5 to 7, wherein said sample solution
(104) is delivered from a syringe pump or pipetter.

A method of NMR measurement as set forth in claim
8, therein said sample solution (104) is forcibly in-
jected by a manual injector into flow of the solvent
delivered by a syringe pump, HPLC pump, or pipet-
ter.

A method of NMR measurement as set forth in any
one of claims 5 to 7, wherein said sample solution
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(104) is delivered by an HPLC autosampler (106).

A method of NMR measurement as set forth in claim
10, wherein said sample solution (104) is forcibly in-
jected by the HPLC autosampler (106) into flow of a
solvent delivered by an HPLC pump (108).

Patentanspriiche

1.

NMR-Spektrometer, das einen Magneten zur Her-
stellung eines statischen Magnetfelds fir NMR-Mes-
sungen und einen Mikrochip (100) besitzt, wobei ein
Probenréhrchen (102) in das durch den Magneten
produzierte statische Magnetfeld platziert wird, das
Probenréhrchen ein deuteriertes LOsungsmittel
(103) beinhaltet und der Mikrochip innerhalb des
Probenrdéhrchens eingesetzt ist,

wobei der Mikrochip einen Einbringungsteil (2, 22,
52) zum Einbringen mehrerer Reagenzien Uber
mehrere Kanale und einen Reaktionsteil (1, 21, 51)
einschlielt, der I6sbar mit dem Einbringungsteil ver-
bunden ist und angeordnet ist, um zu ermdglichen,
ein Reagenz oder eine Reaktionsflissigkeit, das/die
aus dem Einbringungsteil eingebracht worden ist,
mit einem anderen Reagenz zu mischen und zu rea-
gieren, wobei der Einbringungsteil einen Einbrin-
gungskanal (6, 26, 57) zum Einbringen eines von
aulerhalb eingebrachten Reagenzes in den Reak-
tionsteil besitzt und einen Ableitkanal, um der vom
Reaktionsteil abgeleiteten Reaktionsflissigkeit zu
erlauben, nach aulRerhalb abgeleitet zu werden, und
wobei der Reaktionsteil (i) einen Reaktionskanal (8,
27, 58), der mit dem Einbringungskanal in Verbin-
dung steht und angeordnet ist, um zu erméglichen,
dass mehrere Uiber den Einbringungsteil (2, 22, 52)
eingebrachte Reagenzien miteinander gemischt
werden und reagieren, und (ii) eine Ableitpassage
(13, 34, 65), um den Reaktionskanal und den Ableit-
kanal miteinander zu verbinden, um die im Reakti-
onskanal hergestellte Reaktionsflissigkeit in den
Einbringungsteil zurtickzubringen, besitzt.

NMR-Spektrometer nach Anspruch 1, wobei der Ein-
bringungsteil (2, 22, 52) ein Mikrochip ist, der ein
Substrat eines chemisch resistenten Harzes und ei-
nen im Substrat gebildeten Mikrokanal besitzt.

NMR-Spektrometer nach einem der Anspriiche 1
und 2, wobei Einlassoffnungen (5, 25, 56) zum Ein-
bringen von Reagenzien und eine Ableitdffnung (14,
35, 66) zum Ableiten einer Reaktionsflussigkeit auf
derselben Oberflachenseite des Einbringungsteils
(2, 22, 52) gebildet werden.

NMR-Spektrometer nach einem der vorhergehen-
den Anspriiche, wobei der Reaktionsteil (1, 21, 51)
ein Mikrochip ist, der ein Substrat aus Glas oder
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11.

Quarz und einen im Substrat gebildeten Mikrokanal
besitzt.

NMR-Messverfahren, das das NMR-Spektrometer
nach Anspruch 1 nutzt, wobei das Probenréhrchen
(102) in eine im Magneten gebildete vertikale Boh-
rung platziert wird, wobei das NMR-Messverfahren
aus dem Einbringen einer zu untersuchenden Pro-
benldsung (104) in Kanale im Mikrochip besteht.

NMR-Messverfahren nach Anspruch 5, wobei die
Probenlésung (104) durch NMR-Spektroskopie ge-
messen wird, wahrend der Fluss der Probenlésung
gestoppt wird.

NMR-Messverfahren nach Anspruch 5, wobei die
Probenlésung (104) durch NMR-Spektroskopie ge-
messen wird, ohne den Fluss der Probenlésung zu
stoppen.

NMR-Messverfahren nach einem der Anspriiche 5
bis 7, wobei die Probenlésung (104) von einer Sprit-
zenpumpe oder einem Pipettierer angeliefert wird.

NMR-Messverfahren nach Anspruch 8, wobei die
Probenlésung (104) unter Kraftaufwand (forcibly)
durch einen manuellen Injektor in den Losungsmit-
telfluss, der durch Spritzenpumpe, HPLC-Pumpe
oder Pipettierer angeliefert wird, injiziert wird.

NMR-Messverfahren nach einem der Anspriiche 5
bis 7, wobei die Probenlésung (104) durch einen
HPLC-Autosampler (106) angeliefert wird.

NMR-Messverfahren nach Anspruch 10, wobei die
Probenldésung (104) unter Kraftaufwand durch den
HPLC-Autosampler (106) in einen Ldsungsmittel-
fluss, der durch eine HPLC-Pumpe (108) angeliefert
wird, injiziert wird.

Revendications

Spectrométre RMN ayant un aimant destiné a pro-
duire un champ magnétique statique pour des me-
sures par RMN, et une micro-puce (100),

un tube d’échantillon (102) étant placé dans le
champ magnétique statique produit par I'aimant, le
tube d’échantillon recevant un solvant deutérié (103)
dedans, et la micro-puce étant insérée a l'intérieur
du tube d’échantillon,

dans lequel ladite micro-puce comporte une partie
d’introduction (2, 22, 52) pour introduire plusieurs
réactifs a travers plusieurs canaux et une partie de
réaction (1, 21, 51) reliée de maniére amovible a la
partie d’'introduction et agencée pour permettre a un
réactif ou a un liquide de réaction introduit a partir
de la partie d’introduction a se mélanger et a réagir



15 EP 1 884 792 B1 16

avec un autre réactif,

dans lequel ladite partie d’introduction a un canal
d’introduction (6, 26, 57) pour introduire un réactif
introduit de I'extérieur dans la partie de réaction et
un canal de décharge pour permettre de décharger
vers I'extérieur le liquide de réaction déchargé de-
puis la partie de réaction, et

dans lequel ladite partie de réaction a (i) un canal de
réaction (8, 27, 58) communiquant avec le canal d’in-
troduction et agencé pour permettre a plusieurs
réactifs introduits a travers la partie d’introduction (2,
22, 52) d’étre mélangés et de réagir entre eux et (ii)
un passage de décharge (13, 34, 65) pour relier le
canal de réaction au canal de décharge afin de ren-
voyer le liquide de réaction produit dans le canal de
réaction a la partie d’introduction.

Spectrométre RMN selon la revendication 1, dans
lequel ladite partie d’introduction (2, 22, 52) est une
micro-puce ayant un substrat de type résine a résis-
tance chimique et un micro-canal formé dans le
substrat.

Spectrométre RMN selon I'une quelconque des re-
vendications 1 et 2, dans lequel des trous d’entrée
(5, 25, 56) destinés a introduire des réactifs et un
trou de décharge (14, 35, 66) destiné a décharger
un liquide de réaction sont formés dans la méme
surface latérale de ladite partie d’introduction (2, 22,
52).

Spectrométre RMN selon 'une des revendications
précédentes, dans lequel ladite partie de réaction
(1, 21, 51) est une micro-puce ayant un substrat en
verre ou en quartz et un micro-canal formé dans le
substrat.

Procédé de mesure par RMN faisant usage du spec-
trometre RMN de la revendication 1, dans lequel le
tube d’échantillon (102) est placé dans un alésage
vertical formé dans I'aimant, ledit procédé de mesure
par RMN consiste a introduire une solution échan-
tillon (104) pour qu’elle soit examinée dans les ca-
naux de la micro-puce.

Procédé de mesure par RMN selon la revendication
5, dans lequel ladite solution échantillon (104) est
mesurée par spectroscopie RMN tout en stoppant
I'écoulement de la solution échantillon.

Procédé de mesure par RMN selon la revendication
5, dans lequel ladite solution échantillon (104) est
mesurée par spectroscopie RMN sans arréter
I'écoulement de la solution échantillon.

Procédé de mesure par RMN selon 'une quelconque
des revendications 5 a 7, dans lequel ladite solution
échantillon (104) est fournie depuis une pompe se-
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ringue ou d’un pipetteur.

Procédé de mesure par RMN selon la revendication
8, dans lequel ladite solution échantillon (104) est
injectée de maniére forcée par un injecteur manuel
dans le flux du solvant fournir par une pompe serin-
gue, une pompe de HPLC, ou par un pipetteur.

Procédé de mesure par RMN selon 'une quelconque
des revendications 5 a 7, dans lequel ladite solution
échantillon (104) est fournie par un passeur d’échan-
tillons (106) pour HPLC.

Procédé de mesure par RMN selon la revendication
10, dans lequel ladite solution échantillon (104) est
injectée de maniere forcée par le passeur d’échan-
tillons (106) pour HPLC dans le flux d’un solvant four-
ni par une pompe (108) pour HPLC.
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